Effects of magnesium depletion on myocardial high-energy phosphates and contractility.
The effect of prolonged magnesium depletion on contractility, phosphorylating activity, and organic phosphates of spontaneously beating isolated rat atria was studied. Rats were fed a Mg-deficient diet for 8 weeks, during which serum Mg fell from 1.85 +/- 0.02 to 0.52 +/- 0.10 mg/dl. Atrial contractile activity was measured for 1 hr and at the end of this period tissue samples were taken for the determination of the phosphorylated intermediates. Mg depletion was associated with (a) reduced intracellular inorganic phosphorus and adenine nucleotides; (b) elevated creatine phosphate; (c) reduction in contractile force (CF) with no change in atrial beat rate (BR). There were no significant differences in the activities of creatine phosphokinase and adenylate kinase in control and Mg-depleted rat atrial homogenates determined in the presence of 5 mM MgCl2. Addition of various concentrations of MgCl2 to the medium resulted in an immediate reduction in both CF and BR of normal and Mg-depleted rat atria. Intraperitoneal administration of MgCl2 to Mg-depleted rats resulted in complete recovery of CF of isolated atria. This improvement in CF occurred without changes in the levels of inorganic phosphate and adenine nucleotides. The reduced intracellular level of high-energy phosphate or inorganic phosphate cannot therefore be responsible for the impaired contractility seen in Mg-depleted heart muscle. On the other hand, the fact that the creatine phosphate levels were higher in magnesium depletion suggests that myofibrillar utilization of creatine phosphate is more impaired than production, analogous to phenomena seen in postanoxic recovery.